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Abstract 
The Carbon Capture Utilization & Sequestration (Storage) (CCUS) marketplace is lacking standardization and therefore the 
ability to allow CCUS projects to advance as Clean Development Mechanism (CDM) projects as well as to advance to full scale 
commercialization. An international effort between the United States and Canada, funded by the International Performance 
Assessment Centre for Geologic Storage of Carbon Dioxide (IPAC-CO2 Research Inc.), and managed by CSA Standards, have 
developed the first internationally recognized Standard for the geologic storage of carbon dioxide (Z-741). The Z-741 Standard 
has been adopted by the Standards Council of Canada (SCC) and is available to the American National Standards Institute 
(ANSI). As a direct result of Z-741, the International Standards Organization (ISO) has created a technical committee to advance 
the development of comprehensive international standards that address CCUS. This ISO Technical Committee (TC) 265, Carbon 
dioxide capture, transportation, and geological storage, recently announced the creation of a new working group (WG) focused 
on standardization in connection with enhanced oil recovery (EOR) related carbon dioxide (CO2) storage. The new group, WG 6, 
CO2 EOR, was created at the TC-265 third plenary meeting, held at the China University of Petroleum–Beijing on September 
23–25, 2013. 
 
During the Beijing meeting, the U.S. and Norway proposed the creation of WG 6 following a presentation on CO2 EOR. The 
U.S. Technical Advisory Group (TAG) to ISO TC 265, administered by CSA Group, an American National Standards Institute 
(ANSI) organizational member and accredited standards developer, named the U.S. as convener and Norway as co-convener. 
WG 6 will focus on standardization efforts associated with low-pressure subsurface oil field operating environments and related 
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CO2 recovery operations, as well as the harmonization of CO2 supplies with EOR operations both on a daily basis and over multi-
year operational horizons, among other topics. WG 6 has issued an international call for expert participation in its development of 
standards and other documents related to CO2 EOR.  
 
This paper will address key issues experienced in the standard development process, which is a technical, consensus-based 
facilitated process. Membership of the Committee is drawn from experts with full project life cycle knowledge and experience – 
general interest, operators/industry, regulatory, and consultant/service providers, which represent a balance of stakeholder needs.  
 
© 2013 The Authors. Published by Elsevier Ltd. 
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1. Background 
Regardless of which “side” of the climate debate you feel you reside, or even if you are in the middle, it is safe to 
suggest that Carbon Capture and Storage (or Sequestration) (CCS) is an essential part of the climate change 
mitigation discussion.  Many in the CCS industry believe that the use and acceptance of CCS has to be expanded.  
Enhanced Oil Recovery (EOR) is leading the way in the short term doing the early heavy lifting [1].  The early entry 
of CCS by EOR is limited however to the EOR producing regions of the US and Canada and is limited to funding or 
economics that make the use of CCS possible – better put - in the short term, CCS can’t exist without EOR [2]. 
 
Combining CCS with CO2-EOR may help produce more oil from mature oil fields while economically sequestering 
CO2[3].  This combination can provide significant benefits; especially if value-added opportunities for productively 
using captured CO2 from power generation – the proverbial “low-hanging fruit” – is encouraged and pursued.  
 
Significant expansion of oil production utilizing CO2-EOR, both in the U.S. and globally, will require volumes of 
CO2 that cannot be met by natural CO2 sources alone.  Thus, not only does CCS need CO2-EOR to help promote 
economic viability for CCS, but CO2-EOR needs CCS to ensure adequate CO2 supplies to facilitate growth in 
production from CO2-EOR projects. To this end, the U. S. Department of Energy has rebranded CCS to include the 
“utilization” of carbon dioxide for the added extraction of additional hydrocarbon recovery – CO2-EOR, suggesting 
that CCS is now CCUS – Carbon, Capture, “Utilization” and Storage. 
 
In order to expand acceptance, and more importantly the deployment of CCUS beyond EOR, pilot and first of their 
kind installations – especially to deploy CCUS in developing economies (e.g. non-Organization for Economic 
Cooperation and Development (OECD) economies) – requires help.  That help may come from recent developments 
within the Inter-government Panel on Climate Change (IPCC) that allow for CCS as part of a Clean Development 
Mechanism (CDM) [4].  The CDM allows developing economies the opportunity for funding assistance to apply 
greenhouse gas (GHG) reduction and climate change mitigation technologies, and for this work to be recognized 
internationally – through the United Nations Framework Convention on Climate Change (UNFCCC).  
 
Most of the CCS roadmaps generated by Non-governmental Organizations (NGO) across virtually all geographies 
acknowledge the need to expand CCS.  If most agree that CCS is needed and CDM is a viable option to allow 
needed financing for developing countries to implement this “required GHG portfolio technology”, why has not it 
occurred yet [5]? With the obvious issues of funding in today’s economic times, an additional impediment to the 
international advancement of commercial scale CCS is a result of very difficult and sometimes protracted 
international agreements and a lack of international CCS standards.    
 
Thus, the establishment of an international CCS standard, especially on that recognizes the potential role of CO2-
EOR to facilitate CCS, is a critical requirement. 
© 2014 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/3.0/).
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2. The importance and relevance of CO2-EOR 
In 1974, the first CO2-EOR pilot was undertaken at the SACROC oilfield in Scurry County, Texas (Figure 1).   CO2 
was brought in by rail car and injected into the carbonate reef in order to recover residual oil that would have 
otherwise been left behind, or stranded, after primary and secondary (water flooding) recovery operations[6].  The 
project was wildly successful and the SACROC oilfield was able to dramatically increase its oil production rates and 
arrest its production decline (Figure 2).  
 
 
 
Figure 1: SACROC Oilfield in Scurry County, Texas 
(Sourced 9/11/2014 from http://www.co2conference.net/wp-content/uploads/2013/05/Fox-KM-Presentation-SACROC.pdf) 
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Figure 2: SACROC Oil Production 
(Sourced 9/11/2014 from http://www.co2conference.net/wp-content/uploads/2013/05/Fox-KM-Presentation-SACROC.pdf) 
The source of the CO2 used during the pilot operations was anthropogenic in nature, originating from the 
Val Verde natural gas processing plants [7].  The success and eventual expansion of this pilot and pilots similar to it 
within the Permian basin eventually generated a rather large demand for CO2.   To serve these projects in the 
Permian basin, several large, naturally occurring sources of CO2 were developed.   These sources, specifically 
McElmo Dome, Bravo Dome and Sheep Mountain, were developed and linked to the oil basin via large-diameter 
high-pressure pipelines (Figure 3). 
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Figure 3: CO2 Sources and Pipelines 
 
Today, these pipelines meet at the Denver Hub, near the giant Wasson oilfield's Denver Unit, and distribute over 1.7 
billion standard cubic feet per day (bscfd) of CO2 throughout the basin for the purposes of EOR.  To this, nearly 0.2 
bscfd of anthropogenic CO2 collected primarily as a result of natural gas processing is added to the distribution 
system, making it the largest CO2 transport system in the world.   
 
In areas where amenable oil reservoirs have been found to be coincident with either large, natural sources of CO2 
(Jackson Dome, MS) or large, natural gas processing facilities (Shute Creek, WY), robust development of CO2 
projects have followed.  With a few exceptions, such as singular source to sink combinations of anthropogenic CO2 
collected from coal gasification (Beulah, ND) and fertilizer plants (Enid, OK) these 169 projects have brought fourth 
about 300,000 bopd, purchasing  as much as  3.0 bscfd.[8] 
 
One major limiting factor that is impeding the widespread development of CO2-EOR is that ample quantities of CO2 
do not exist to meet the demand from potential EOR operators, even in ongoing areas of CO2-EOR activity.  
Secondarily, many oilfields that desire CO2 are not in proximity to these large sources.  In response to this need, 
Denbury Resources constructed their Green Line pipeline to carry CO2 from the terminus of their natural CO2 
pipeline in Louisiana to their Gulf Coast, TX oilfields.  
 
While there are still many economic and technical hurdles to overcome -- the high cost of capture from large coal-
fired power plants, for one -- the possibility that the CO2 EOR industry could spur the onset of large-scale 
commercial storage operations is the most likely pathway for the generation of a CCS industry.[9]  Thus, the need to 
understand and incorporate the key differences associated with storage in oil fields, as opposed to simple storage 
operations, in any developed standard(s) within the ISO process was recognized.  A few key aspects include how the 
extraction process is handled, fugitive movement of CO2, and CO2 quantification. 
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3. CO2-EOR Background 
Carbon dioxide is soluble in oil.   As such, it can enliven the oil by reducing the oil's viscosity, swelling the oil and 
mobilizing the portion of the oil that exceeds the irreducible saturation.  When the pressure of the injection operation 
and the quality of the oil are compatible, the oil and CO2 mix completely, thereby generating a new, miscible phase 
in the reservoir. 
 
There are a number of generic screening criteria that are used to preliminarily assess whether a given oil-bearing 
reservoir is amenable to miscible oil recovery.[10]  Two primary criteria are depth and oil quality, or gravity.   
 
Depth provides a means to screen for operating pressures and when linked to oil gravity allows miscibility to be 
determined.   When the minimum miscibility pressure (MMP) is estimated and compared to the operating pressure, 
one can assess the type of oil recovery operation that would prevail.  If MMP is less than the operating pressure, the 
flood is termed to be miscible.  Alternatively, when it is greater than the operating pressure, the flood is termed to be 
immiscible.   
 
Generally, miscible CO2-EOR is a much more efficient oil extraction process than immiscible CO2-EOR.  This is 
fundamentally because under an immiscible recovery process, only oil swelling occurs.  This results in the 
irreducible oil saturation being the controlling oil entrapment process and allowing for only the swelling and release 
of that portion of the oil that swells beyond its irreducible oil saturation to be produced.   
 
Miscibility, however, is a multiple contact process.  During this multiple contact process, CO2 will vaporize the 
lighter oil fractions into the injected CO2 phase and CO2 will condense into the reservoir’s oil phase.  This leads to 
two reservoir fluids that become miscible (mixing in all parts), with favorable properties of low viscosity, a mobile 
fluid and low interfacial tension. This often results in significantly larger oil recoveries for miscible operations.  
3.1. CO2 Injection and Production Operations 
Regardless of the miscibility characterization, the CO2-EOR recovery process is typically operated in two ways, 
either water alternating gas (WAG) or continuous CO2 injection.   
 
WAG flooding typically employees the use of a rather large, initial slug of CO2 to mobilize residual oil.  This slug 
of CO2 is generally greater than 0.2 hydrocarbon pore volumes (HCPV), which relates to the fraction of initial 
hydrocarbons in place.  Following the initial slug, a water slug is then injected to help disperse subsequent CO2 
injection into less permeable zones in order to better contact residual oil [6].  The EOR operator may then tailor the 
size and timing of CO2 and water slugs based on individual injection pattern surveillance.  While overall WAG 
ratios may be similar during an EOR project, the initial WAG ratios will be more favorable to CO2, slowly 
becoming more and more favorable to water over the life of the CO2 flood. This is termed a tapered WAG [6].  
Figure 4 depicts a cross section of a typical WAG CO2-EOR operation. The life-cycle CO2 injection volumes have 
been traditionally approximately 1.0 HCPV, though the injection of greater volumes is certainly possible 
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Figure 4: Cross Section of a Typical WAG CO2-EOR Operation. (Source: Advanced Resources International) 
Alternatively, continuous CO2 injection involves no water slugs to distribute the CO2 across the reservoir.  These 
reservoirs are generally thin, highly permeable and not impacted by CO2 overriding (gravity override) the oil.  In 
these applications, employed predominantly by a major Gulf Coast EOR operator [6], 2.0 or more HCPV may be 
injected and cycled through the system.  
 
As the CO2 moves through the reservoir, it may be retained or trapped in a number of manners, including phase 
trapping and dissolution.   These geologic trapping mechanisms are not unique to CO2-EOR and occur in all types of 
geologic storage.  However, the CO2 that is not retained is produced to the surface with oil, hydrocarbon gas, and 
water. At this time, all of the produced fluids are often measured, separated and dehydrated to direct each 
component to its next destination.   
 
The production stream containing CO2 is typically directed to a CO2 recovery plant where the gas is extracted and 
prepared for re-injection into the oil reservoir for continued production operations.  It is these production wells and 
the CO2 recycling process that provide a primary differentiation between CO2 EOR and geologic storage operations, 
requiring specialized technical experience and insight during the standards creation process. 
3.2. Fugitive Movement Risk 
Another key difference between traditional geologic storage operations and CO2-EOR is the well density associated 
with the operation.   Qualitatively speaking, well spacing for a geologic storage operation without CO2-EOR may 
typically be measured in terms of miles between storage injection wells.  This is often due to the desire to avoid 
pressure interference between the injection wells, which would greatly impede the ability to inject CO2 into the 
storage reservoir. To mitigate this, storage operators will most likely require extremely wide well spacing to enable 
commercial storage rates to be met over long periods of injection time (decades).  
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CO2-EOR, on the other hand, often has well densities ranging from 10 to as many as 30 wells per square mile, based 
on pattern size and type.  A typical pattern size may be a 40 acre well spacing for a five-spot pattern type (4 
production wells about a central injection well).  This would generate 25 production wells and 16 injection wells 
every square mile, with some degree of ‘well sharing’ around the periphery areas, resulting in approximately 32 
‘net’ wells per square mile.   
 
When reviewing the risk profile for a storage site, it has long been held that the CO2 storage wells may hold the 
largest risk profile for fugitive movement of the injected CO2.  When teamed with stimulation practices that are may 
often be necessary to achieve the desired injectivity, the potential for this undesirable movement may increase.  As 
such, there may be a strong desire to have multiple, significant confining units, or a confining system, in order to 
mitigate the risk of the high well density and the unwanted movement of CO2. 
3.3. Quantification and Verification Methods 
As the CO2-EOR industry advances toward permanent storage of CO2 as part of the process, there are many aspects 
of the quantification and verification of the CO2 injected that must be addressed. Aspects that will influence the 
measurement and validity of the CO2 storage will include methodological approaches to numerical modelling, site 
characterization and well construction, design of the storage complex, and assessment of the CO2-EOR operations 
both during and after injection of CO2. All of these criteria will ultimately lead to the transition in both the near-term 
and the long-term security of the storage complex, which in turn will lead to the securing of the site closure. 
 
Many of these components are already in place within the CO2-EOR industry. Adapting them to become 
coordinated with and compliant to an international standard (e.g. ISO TC-265) is where much of the “heavy lifting” 
will be done by ISO TC 265 WG 6over the next 24 months. 
  
4. So how do we get there? 
In the fall of 2010, several dozen experts from the United States and Canada met for two days in Calgary to begin 
“the first step” in the international standardization of geological storage of CO2.  This idea produced the world’s first 
formally recognized CCS standard for commercial deployment. Canadian Standards Association (CSA) and the 
International Performance Assessment Centre for CO2 assembled the group of experts with full CCUS project life 
cycle knowledge and experience, representing a balance of stakeholder interests.  These experts came from industry, 
exploration and production (E&Ps companies), government, consulting, non-government organizations (NGO), and 
academia. The areas of expertise ranged from management, siting, engineering, risk, closure and operations. The 
completed standard, known as Z-741 was approved by the Standards Council of Canada and the American National 
Standards Institute and has become the seed document for the Organization of International Standardization (ISO) 
TC-265: carbon dioxide capture, transportation, and geological storage committee.  
 
ISO established the Technical Committee TC-265 and the first meeting was held in Paris in June 2012. The 
objective of the technical committee is to develop and secure a global consensus on a uniform set of rules and 
criteria that can appropriately, dependably and efficiently be applied to CCS projects. This set of uniform rules may 
take the form of prescriptive, objective, principled, or performance based criteria or some hybrid combination 
thereof. TC-265 committee is chaired by Canada, with twinned secretariat support provided by China. There are 18 
participating (or voting or “P”-member) countries, 9 observing (non-voting) countries and six liaison or non-voting 
organizations (NGO) [11]. Figure 5 provides a graphical representation of the structure of TC-265. 
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Figure 5: Organizational Structure of ISO TC-265 
 
TC-265 has only three years to develop the first draft of this framework. The 36-month process to arrive at a draft 
standard is a consensus-based, increased scrutiny, open process. The consensus process is not unanimity, instead is a 
process of arriving at a general agreement with no real obstacles. This “modified” consensus process prevents any 
member nation from stonewalling or stopping the process. Objection can only be made with the identification of 
credible, technical, or tangible rationale and a simple object is not accepted. When “votes” or “ballots” are cast, 
there are three possible responses; yes with approval, no with rationale, or abstain. This voting process supports 
consensus while also ensuring that the process moves forward without undue delay and objections. 
 
The process begins with a New Proposal (NP) from an active P-member nation. The proposal if voted on by the TC-
265 membership and if approved, advances to the Working Draft (WD) stage. During this stage of the standard 
development, the working group will source seed documents and outside reference material and solicit international 
expert participation from the P-member nations and the liaison organizations (NGO).  
 
In order to advance beyond the WD to Committee Draft (CD) stage, the working group members (e.g. international 
experts) must come to consensus on the CD. The Committee Draft is the first real working copy of the draft standard 
and it is refined and edited by the working group until they are satisfied that the concerns and issues raised by 
committee members, representing the P-member nations and liaison organizations are sufficient to obtain consensus. 
At that time, the working group will ask the TC-265 Chair to issue a ballot to ask the P-member nations to weigh in 
on the CD. When the CD receives consensus from at least 2/3 of the member nations the Committee Draft advances 
to the Draft International Standard stage (DIS). 
 
When the ballots from the DIS are cast, many comments, suggestions, concerns, and issues may be raised. It is the 
job of the working group international experts and liaisons to work through the comments, one by one, and address 
all the issues raised. This is a very tedious process in which every issue that is raised must be actioned. The actions 
may include changing the text in draft standard, agreeing to disregard the expressed concern, or seeking out a unique 
solution to the issue raised. Nevertheless, in the end, each and every comment from the ballot must be recognized.  
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The working groups have 24 months to complete this process and return a revised DIS for consideration. 
 
Upon revision of the DIS, the TC-265 Chair will issue a ballot for the Final Draft International Standard (FDIS). At 
this stage in the standard development, the ballots must be returned with at least 67% of the P-member nations 
voting in the affirmative and the ballots to receive less than 25% total negative votes. For the TC-265 committee, 
that means that at least 12 P-member nations must vote in favor of the FDIS and no more than five P-member 
nations vote negatively. When these criteria are met, the FDIS is then published and available for global use and 
adoption. Figure 6 provides a graphical representation of the standard development process. 
 
 
Figure 6: Process Flow of ISO Standard Development. (Source: CSA Group, ISO) 
Since the kick-off meeting in Paris in 2012, participating countries have submitted proposals to lead subcommittee 
working groups within TC-265. The countries reconvened in February 2013 in Madrid and working groups one 
through five were established, scopes of work and individual Secretariats and  conveners of the working groups 
were determined. In the fall of 2013, the technical committee met for the third time in Beijing, China. At that 
meeting, a sixth working group was proposed and at the fourth meeting in Berlin, held in April 2014, the CO2-EOR 
working group was approved. 
 
The scope of the capture working group (WG1), led by Japan, will focus largely on post-, pre-, and oxyfuel 
combustion capture processes, industrial processes, separation, purification, dehydration, compression and pumping, 
liquefaction, installation, operation, maintenance, quality of CO2 streams, performance evaluation (capture rate, 
energy consumption, emissions, reliability, and safety), monitoring, management systems, and plant retrofitting. 
 
The transportation working group (WG2), let by Germany, will focus on pipelines not currently covered by existing 
ISO/TC-67 standards, ship, road, rail, health, safety and environment (HSE) aspects specific to transport, and 
monitoring. 
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The storage working group (WG3) has split leadership with Canada focusing on onshore and Japan focusing on 
offshore. The specific scope of the working group will focus on storage in depleted hydrocarbon reservoirs, saline 
aquifers, other storage options, site selection, site characterization, risk assessment, risk management, well 
construction, procedures and conditions for closure, storage leakage avoidance and remediation, post-closure 
requirements, and storage monitoring. 
 
The quantification and verification working group (WG4) also has split leadership with China leading the group and 
support provided by France. The scope of the quantification and verification working group will include project 
boundary, project leakage, quantification procedures, CO2 quantification, monitoring and reporting, third party 
verification, quantification of CO2 avoided, detection limits, and Life Cycle Analysis. 
 
The cross-cutting working group (WG5) also has split leadership with France leading the group supported by China. 
The scope of the cross-cutting working group will focus specifically on terminology, system integration (full value 
chain), overall risk management, relationship and consultation with stakeholders, and public engagement, reporting, 
and mixing of gas streams from different sources. 
 
The CO2-EOR working group (WG6) is led by the United States with support from Norway. The scope of the 
working group will focus on developing an industry standard that specifically applies to CO2-EOR. CO2-EOR 
operations differ materially from CO2 injections into other formations (non-active hydrocarbon production) because 
the CO2 injections are balanced by the production of oil and brine and are therefore characterized by injections in a 
low-pressure subsurface environment [12].  CO2-EOR operations are further unique because the supply, transport, 
injection and recycling of CO2 (including anthropogenic CO2 captured for emissions reduction purposes) must be 
simultaneously coordinated and harmonized with hydrocarbon recovery operations.  This industry standard will 
address EOR-specific topics such as quantification of net quantities of CO2 stored during EOR operations (net of 
recycling of injected CO2), well plugging and abandonment, site remediation, and use of modelling and monitoring 
of CO2 migration to ensure long-term storage integrity.  
 
Figure 7 provides a graphical representation of the working group and leadership structure of TC-265. 
 
 
Figure 7: Working Group and Leadership Structure of ISO TC-265 
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5. Conclusions 
A recent study by the U.S. Department of Energy/National Energy Technology Laboratory (DOE/NETL) concludes 
that “next generation” CO2-EOR can provide 135 billion barrels of additional technically recoverable oil in the U.S. 
[6]. In order to realize this result, some 17 billion metric tons of CO2 will need to be purchased by CO2-EOR 
operators to recover the economically recoverable oil.  The CO2 required to supply this market - 17 billion metric 
tons - is equivalent to the GHG emissions from 91 large one GW size coal-fired power plants over 30 years.  
 
A recent study by Advanced Resources International for the International Energy Agency Greenhouse Gas Program 
(IEAGHG) [13] assessed the CO2-EOR and CO2 storage potential of the largest 54 oil basins in the world. The 
assessment concluded that fifty of these basins have reservoirs amenable to miscible CO2-EOR. Assuming “state-of-
the-art” technology, oil fields in just the largest discovered fields in these basins (those greater than 50 million 
barrels of original oil in place) have the potential to produce 470 billion barrels of additional oil, and store 140 
billion metric tons of CO2.  
 
EOR will continue to lead the way as an early entrant into the CCS project world.  CO2-EOR provides an 
opportunity to address both climate and energy security.  The role of government in the world-view of CCS is very 
important.  Without the financial incentives provided by the governments around the globe, the rollout of numerous 
large-scale CCS projects is not likely. Promoting CO2 storage via CO2-EOR can provide new revenues to those 
participants in the value chain – thereby taking a “second step” toward commercial deployment. With the 
advancement and success of ISO TC-265, developing economies can more easily enter the CCUS arena by adopting 
the best practices and standards advanced by TC-265 thereby providing an attractive alternative for GHG mitigation, 
especially in non-OECD economies.   
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